Laws that mandate replacement alternatives, reduction alternatives, and refinement alternatives (the Three Rs) in scientific research have been passed in the United Kingdom, Germany, the Netherlands, the United States, and the European Union over the past decade. Full 
The Three Rs Reduction Alternatives
The term reduction alternatives describes methods for obtaining comparable levels of information from the use of fewer animals in scientific procedures or for obtaining more information from a given number of animals so that, in the long run, fewer animals are needed to complete a given research project or test. The greater the number of animals used, the greater will be the overall costs in terms of animal suffering. Therefore, the number of animals used should be the minimum that is consistent with the aims of the experiment.
There is evidence that poor experimental design and inappropriate statistical analysis of experimental results leads to inefficient use of animals and scientific resources in toxicological research (5, 6) . Previous studies of statistical methods used in other areas of biomedical research reveal similar findings (7). In some cases, the level of statistical expertise appears to be so low that investigators are either unaware of the potential value of obtaining statistical advice, or In many areas of the biomedical sciences, in vitro methods are increasingly used as the methods of choice in place of animal studies., not because they provide precisely the same information, but because they offer the best scientific approach. Russell and Burch (2) discussed the relative merits of fidelity and discrimination models, noting that high-fidelity models, as exemplified by the use of rodents and other laboratory mammals in toxicity testing, are used because, in their general physiological and pharmacological properties, they are similar to humans. High discrimination models, on the other hand, "reproduce one particular property of the original, in which we happen to be interested" (2).
Russell and Burch (2) warned of the high-fidelity fallacy and of the danger of expecting discrimination in particular circumstances from models that show high fidelity in other, more general terms-a prediction illustrated by recent analyses of the differing molecular responses to certain chemicals by the rat, the mouse, and the human. Russell and Burch (2) pointed out that the fidelity of mammals as models for man is greatly overestimated; however, replacement alternative methods must be based on good science, and extravagant claims that cannot be substantiated must be avoided. The development and acceptance of replacement alternatives for both research and testing must be based on a sufficient understanding of the molecular and cellular mechanistic basis of what is being studied or measured, i.e., on sound science.
Education and Training
The successful implementation of the Three Rs depends upon the education and training of those involved in research and testing. Education is defined as the didactic presentation of the information and theories of animal use that will contribute to the development of proper attitudes toward the use of animals in scientific procedures. Training is defined as the acquisition of practical knowledge and skill directly associated with animal handling and procedures.
The objective of the education and training is to provide sufficient information to allow scientists to conduct animal procedures to high standards of both science and animal welfare, following proper evaluation of the scientific and ethical considerations that should govern the use of laboratory animals. Coursework should contribute to a scientist's ability to design experiments properly and to plan research strategies, to become competent in animal handling and the performance of scientific procedures, to make decisions with regard to the ethics of using animals in experiments, and to determine whether alternatives are available.
A description of the course on animal experimentation and alternatives currently offered at Utrecht University in The Netherlands (11) and the guidelines of the Federation of European Laboratory Animal Science Associations (FELASA) (12) and the U.S. National Research Council (13) could serve as prototypes for the development of courses in other countries.
The Way Forward
The use of the term alternatives to encompass all of the Three Rs is now widely accepted in many countries, enshrined in legislation, and incorporated into the names ofvarious centers throughout the world. However, some scientists see its use as being driven by political and social forces rather than by scientific issues. This is partly due to a lack of appreciation of the basis of the Three Rs concept as proposed by Russell 
